Introduction
Bone is one of the most common sites in patients with metastatic breast cancer (MBC) as 60%-75% of MBCs are firstly diagnosed with bone metastasis. [1] [2] [3] Severe osteodynia, pathologic fractures, and nerve compression are the three most common symptoms of bone metastasis and are associated with poorer outcome and reduced life quality. However, there still remains a large proportion of patients who have no clinical symptom and miss detection of bone metastasis at the diagnosis of breast cancer. [4] [5] [6] As most studies of bone metastasis are based on data from relapsed breast cancer, population-based studies relating to prevalence pattern and survival of patients with bone metastasis in initial MBC are still rare.
Breast cancer is a heterogeneous disease in which the biologic behavior of cancer cells and the outcomes of breast cancer patients greatly vary among different molecular subtypes (luminal A, luminal B, human epidermal growth factor receptor 2 [HER2]-enriched, basal-like) based on the status of estrogen receptor (ER), progesterone receptor (PR), and HER2. 7, 8 Studies have shown that the risk of bone metastasis is subtype dependent in breast cancer. 9, 10 Luminal A breast cancer with positive expression of ER/PR was reported to have a higher propensity to develop bone metastasis. 11 With the assessment of the gene expression of the primary tumor, studies reported that over 60% of primary tumors, which subsequently developed bone metastasis, were ER-positive/ PR-positive breast cancer. 12 Delpech et al further showed that the risk of bone metastasis in patients with hormone receptor (HR)-positive breast cancer was 1.66 times higher than the risk of patients with HR-negative breast cancers by developing a bone metastasis prediction model. 13 With regard to HER2-enriched subtype, women with HER2-enriched cancer were less likely to have bone metastasis, compared to those with HER2-negative breast cancer. 14 Although the risk of bone metastasis is different among diverse molecular subtypes of breast cancer, integration of these genes for the prediction of bone metastasis is seldom reported and outcomes among different molecular subtypes remain unclear in initial MBC with bone metastasis.
The purpose of our study is to use the Surveillance, Epidemiology, and End Results (SEER) database to assess the incidence of bone metastasis in initial MBC and to characterize patients with bone metastasis in initial MBC. Further, we would provide survival estimate and identify the prognostic factors for patients who have developed bone metastasis at the time of breast cancer diagnosis.
Materials and methods
The SEER database including 18 registries accounts for 30% of the US population. 15 We searched patients with invasive breast cancer between January 2010 and December 2013. Patients with only a death certificate or autopsy, as well as those with incomplete follow-up were not included in our study. Then, we excluded patients with unknown age or younger than 18; thus, 245,707 patients were included in our study. Among these, 14,246 patients were diagnosed with initial MBC and 8901 patients with breast cancer were diagnosed as having initial bone metastasis. The follow-up period was from January 2010 to December 2014.
We defined patients' related variables including age at diagnosis (18-40, 41-60, and 61-80 years), sex (female and male), marital status (married, unmarried/divorced, and unknown), race (white, black, other [including American Indian/Alaska (AK) Native, Asian/Pacific Islander], and unknown), and Hispanic origin (yes and no). Cancer-related variables included tumor grade (grade I, grade II, grade III, and unknown), laterality (right, left, and unknown), primary tumor (T) stage (T1, T2, T3, T4, and unknown), regional  lymph node stage (N0, N1, N2, N3, and unknown), and  molecular subtype of breast cancer (HR+/HER2−, HR+/  HER2+, HR−/HER2+, triple-negative breast cancer [TNBC] , and unknown). Information of local surgery was defined as surgery and no surgery, and metastasis status was categorized as bone metastasis only, multiple/other metastasis, no and unknown).
We calculated incidence of bone metastasis as the number of patients with bone metastasis at initial diagnosis divided by the number of patients in the entire cohort (bone metastasis in the entire cohort) or patients with MBC at initial diagnosis (bone metastasis in the initial MBC cohort).
Statistical methods
Rates of overall survival (OS) and cancer-specific survival (CSS) were calculated in the entire cohort and in patients with MBC subdivided based on metastasis location (bone, brain, liver, and lung). Univariate logistic analysis was used to assess significant characteristics correlated with the initial bone metastasis. Then, the significant factors (P<0.05) were included in the multivariate logistic analysis to find independently the prognostic variables for the initial bone metastasis in the whole cohort. Univariate and multivariate Cox regression models were used to analyze the association of OS with clinical variables. Survival analysis was performed by Kaplan-Meier method and log-rank test.
All data was obtained using SEER*Stat Software version 8.3.4 (https://seer.cancer.gov/seerstat/). Statistical analyses were performed by SPSS statistical software version 22.
All P values were two-sided, and P≤0.05 was considered significant.
Ethical approval
Our study complied with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.
Results

Patients' characteristics and the bone metastasis pattern
Exactly 245,707 patients were diagnosed with invasive breast cancer between 2010 and 2013; 3.6% of the entire cohort was diagnosed with bone metastasis at the initial diagnosis, accounting for 62.5% of patients with initial MBC (Table 1) 
Survival of the initial bone metastasis breast cancer
The 5-year survival rate based on OS and CSS was 23.7% and 35.4% in the initial MBC, respectively ( Figure 1A , B).
Patients with initial bone metastasis (5-year survival rate for OS=22.8%; 5-year survival rate for CSS=33.6%) had a much better prognosis than those with initial brain (5-year survival rate for OS=12%; 5-year survival rate for CSS=20.3%), liver (5-year survival rate for OS=12.5%; 5-year survival rate for CSS=19.3%), or lung metastasis (5-year survival rate for OS=16.8%; 5-year survival rate for CSS=26.9%). Among patients with initial bone metastasis, patients with only bone metastases had a significantly better survival compared to patients with multiple metastases (bone vs multiple: median survival=37 vs 21 months, P<0.001; Figure 2A ). With regard to the molecular subtype, we discovered that median survival of bone metastasis breast cancer was the shortest (10 months) in patients with TNBC and was the longest (41 months) in those with HR+/HER2+ subtype ( Figure 2B ). In primary bone metastasis breast cancer, local surgery could prominently prolong the survival compared to those with no surgery (surgery vs no surgery: median survival=43 vs 25 months, P<0.001; Figure 2C ). Multivariate Cox regression model showed that patients of black race (black vs white: hazard ratio=1.202, 95% CI=1.113-1.298), in T4 stage (T4 vs T1: hazard ratio=1.270, 95% CI=1.144-1.411), with multiple metastases (bone only vs multiple: hazard ratio=0.602, 95% CI=0.568-0.638), and with TNBC (TNBC vs HR+/HER2−: hazard ratio=2.577, 95% CI=2.346-2.830) were correlated with higher risk of mortality due to breast cancer with initial bone metastasis. Patients who had their primary tumors resected had a 0.57 times lower risk of mortality compared to patients who did not accept local surgery (surgery vs no surgery: hazard ratio=0.570, 95% CI=0.528-0.615). Significant results are presented in Table 3 .
Discussion
Our study has firstly reported the incidence of bone metastasis at the initial diagnosis of breast cancer and has found that 
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A population-based study of bone metastasis pattern in breast cancer HR+ status, white race, young age (18-40 years), advanced T stage, and higher tumor grade are the risk factors of the initial bone metastasis. Further, we found that patients with initial bone metastasis had a better survival compared to those with initial brain, liver, or lung metastasis. Patients of old age (>40), black race, higher tumor grade, T4 stage, and TNBC were correlated with higher mortality risk, while those who underwent local surgery were associated with lower mortality risk. As our study is based on SEER database with 30% coverage of the USA population, bone metastasis incidence and survival estimates that we have reported are highly representative of the general population.
Bone is one of the most susceptible sites for cancer metastasis, especially in breast cancer. 16 Our study found that 62.5% of patients with initial MBC were diagnosed with bone metastasis, which was consistent with the previous reports. 17 Several factors were suggested to be responsible for bone metastasis. As metastasis through blood plays a major role in distant metastasis in breast cancer, the rich blood flow in the bone marrow and the stream of blood from the 
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Xiong et al breast to the skeleton via the vertebral-venous plexus would significantly increase the risk of cancer metastasis to bone. 18 Otherwise, bone is suggested to be a large repository of growth-stimulating factors including fibroblast growth factors, platelet-derived growth factors, and bone morphogenetic proteins. These factors, released and activated in bone, could stimulate growth of tumor cells and act as a fertile ground for metastasis formation. 19, 20 Although bone metastasis is commonly seen in MBC, the preferential metastasis sites of breast cancer were reported to be different based on HR status and HER2. 21 HR+ or HER2− breast cancers are more likely to have skeletal involvement among patients with breast cancer recurrence. 22 Further, our results showed a similar pattern of cancer metastasis among patients with initial MBC as the HR+ status (HR+/HER2− and HR+/HER2+) was significantly correlated with initial bone metastasis and most (57.6%) of the patients with initial bone metastasis had a positive expression of HR. The mechanism regarding the propensity of bone metastasis for HR+ breast cancer remains unknown; however, some studies pointed out that this phenomenon may be associated with tumor dormancy. [22] [23] [24] Studies suggested that dissemination of breast cancer cells takes place long before the detection of cancer metastasis and most of these disseminated cancer cells die while part of them might survive and become dormant in bone marrow. 24, 25 The 
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A population-based study of bone metastasis pattern in breast cancer which are hormone responsive, could be reactivated by steroid hormone and they subsequently develop metastasis disease in bone. 22 Next, we assessed the survival rates depending on OS and CSS among patients with MBC and observed that outcome of patients with initial bone metastasis was better 
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Xiong et al compression, and is considered to be less deadly compared to metastasis of brain, liver, and lung. 27, 28 As the cancer cells have spread widely in MBC patients, chemotherapy and targeted therapy (endocrine therapy and anti-HER2 therapy) become optimal options for cancer treatment. Patients with HR+ breast cancer, which is highly responsive to targeted therapy (endocrine therapy), as well as those with HER2+ breast cancer, which is responsive to anti-HER2 therapy, could achieve tumor remission and improved survival with endocrine therapy. 29, 30 Thus, the better outcome in patients with initial bone metastasis might be attributed to the higher proportion of patients with HR+ diseases. Consistently, in breast cancer with initial bone metastasis, we observed a significantly lower mortality risk for patients with HR+ or HER2+ breast cancer compared to those with TNBC, which was unresponsive to targeted therapy.
Since organ destruction resulting from cancer metastasis is the major cause of death in MBC, local surgery to primary tumor was thought to be invalid to improve cancer survival. 31 Interestingly, our study showed that surgical removal of the primary tumor might improve cancer survival in newly diagnosed breast cancer with bone metastasis. Consistently, both retrospective studies and randomized trials have indicated that local surgery may improve cancer survival by lowering the tumor burden in initial MBC. [32] [33] [34] A study using a cancer transplantation model in mice suggested that local surgery of the primary tumor improves survival by both reducing the tumor burden and enhancing sensitivity to chemotherapy. 35 Meanwhile, the results of experimental and clinical studies were opposed the survival benefit of local surgery based on the theory that surgical removal of the primary tumor would prompt growth of metastasis by increasing the adhesion of circulating tumor cells to the vascular endothelium of target organs and inducing inflammatory cascade. 31, 36 Thus, the survival benefit of local surgery remains unclear in initial MBC and more welldesigned studies are required to guide cancer therapy.
There are some limitations in our study. As our study is retrospective, selection bias and missing data are inevitable. Details of systemic therapy including anti-HER2 therapy, endocrine therapy, and chemotherapy are not available in our study, and the relevant biases may exist. Randomized and prospective studies with large patient cohort are required to identify the validity of surgery in initial MBC with bone metastasis.
Conclusion
Our study has reported the epidemiology of patients with bone metastasis in initial MBC based on a general population in the USA. Patients with bone metastasis had a superior prognosis compared to those with visceral/brain metastasis in initial MBC. Incidence and survival differences of initial bone metastasis were well described according to the different molecular subtypes in initial MBC. We also discovered that local surgery could significantly improve cancer survival, suggesting that patients with bone metastasis might consider local surgery in initial MBC.
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